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APPENDIX  A 


J-47  ENGINE 

A.  1  J-47  ENGINE,  MODIFIED  BURNER  CAN  HOLE  COVERED 

A  series  of  three  test  runs  were  made  on  the  J-47  engine  with 
the  modified  burner  can  hole  covered.  Each  test  was  recorded  using  five 
microphones  placed  as  noted  in  the  text.  The  three  tests  were  run  at 
the  following  engine  speeds: 

(1)  70%  RPM  (46  in.  Hg  gage,  diffuser  case  pressure) 

(2)  80%  RPM  (70  in.  Hg  gage,  diffuser  case  pressure) 

(3)  90%  RPM  (97  in.  Hg  gage,  diffuser  case  pressure) 

The  purpose  of  this  test  was  to  establish  a  reference  to  com¬ 
pare  modified  burner  can  closed  hole  sound  energy  levels  at  the  three 
engine  speeds  with  sound  energy  levels  of  the  modified  burner  can  with 
three  sizes  of  open  holes  (1.5,  1.0,  and  0.75-inch)  at  like  engine 
speeds . 

Analysis  of  the  recordings  made  during  the  three  runs  is 
given  on  the  following  pages: 

(1)  70%  run  -  pages  A-4  through  A-12 

(2)  80%  run  -  pages  A- 13  through  A-21 

(3)  90%  run  -  pages  A-22  through  A-28 

A. 1 . 1  Analysis 

A.  1.1.1  Sound  Energy  Levels 

Output  levels  of  microphones  1  through  5  were  measured  for  RMS 
sound  energy  during  each  test  run.  Microphone  2  was  a  broadband  instru¬ 
mentation  microphone  and  microphones  1,  3,  4,  and  5  had  a  lower  fre¬ 
quency  response  but  were  all  of  the  same  type.  The  data  was  converted 
to  decibels  by  conversion  factors  detailed  in  Appendix  F.  Variations  in 
RMS  levels  of  microphones  1,  3,  4,  and  5  are  attributed  to  microphone 
location  and  proximity  to  engine  machinery  (i.e.,  fuel  pumps,  etc.). 

The  closed  hole  test  measurements  are  representative  of  a 
normal  engine.  These  measurements  will  be  used  as  a  reference  to  com¬ 
pare  sound  energy  levels  made  during  open  hole  tests  which  are  represen¬ 
tative  of  burner  can  failure.  Microphone  sound  levels  increased  from  2 
to  5  dB  when  engine  speed  was  increased  from  46  in.  Hg  to  70  in.  Hg,  and 
from  2  to  4  dB  when  engine  speed  was  increased  from  70  in.  Hg  to  97  in. 
Ilg.  Microphone  5  was  farthest  away  from  the  engine  and  showed  the  most 
change  while  microphone  3  was  closest  and  showed  the  least  change.  The 
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influence  of  background  exhaust  noise  was  apparent  from  the  sound 
measurements . 

A. 1.1. 2  Spectrum  Analysis 

The  analysis  bandwidth  was  0  to  20  kHz  for  all  microphones. 

In  addition,  the  instrumentation  microphone  (No.  2)  data  was  analyzed 
from  0  to  40  kHz.  Discrete  spectral  content  due  to  engine  machinery  was 
present  in  all  grams,  but  as  engine  speed  was  increased,  there  was  a 
noticeable  change  in  broadband  noise,  the  extent  of  which  varied  with 
microphone  location.  Microphone  5  contained  the  most  broadband  noise 
and  microphone  3  the  least.  The  major  portion  of  the  energy  was  below 
10  kHz  in  all  cases.  Instrumentation  microphone  No.  2  showed  discrete 
frequencies  present  up  to  30  kHz  and  some  broadband  noise  up  to  40  kHz. 

A. 1.1. 3  Mean  Square  Analysis 

The  data  from  each  microphone  was  analyzed  over  bandwidths  of 
0  to  20  kHz  and  5  to  20  kHz  simultaneously,  using  mean  square  techniques. 
This  method  of  analysis,  when  recorded,  showed  the  summation  of  the 
total  spectrum  at  any  given  time  versus  the  summation  of  the  spectrum 
above  5  kHz.  Microphones  1,  2,  and  3  showed  very  little  variation 
between  changes  in  engine  speed  while  microphones  4  and  5  showed  notice¬ 
able  variation.  The  bulk  of  the  spectral  content  is  observed  to  be 
below  5  kHz. 

A. 1.2  Environmental  Conditions 


The  three  tests  discussed 
an  ambient  temperature  of  61°  F  and 

A. 1.3  Sound  Energy  Levels 


in  paragraph  A.l  were  performed  at 
75%  relative  humidity. 


The  following  tables  list  the  sound  energy  levels  of  the  five 
microphones  at  three  engine  test  speeds: 


Table  A-l.  Microphone  Sound  Energy  Levels  at  70%  Engine  RPM 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

13 

3 

14 

12 

9 

RMS  (uBAR) 

105 

235 

110 

96 

72 

dB  (a) 

114 

121 

115 

114 

111 

a  .4 

Reference  *  2  x  10  pBAR 
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Table  A-2.  Microphone  Sound  Energy  Levels  at  80%  Engine  RPM 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

23 

5 

18 

22 

16 

RMS  (uBAR) 

180 

390 

145 

180 

130 

dB  (a) 

119 

126 

117 

119 

116 

Reference  =  2  x  10  ^  uBAR 


Table  A-3.  Microphone  Sound  Energy  Levels  at  90%  Engine  RPM 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

28 

8 

24 

30 

26 

RMS  (mBAR) 

220 

620 

190 

240 

210 

dB  (a) 

121 

130 

120 

122 

120 

a  .d 

Reference  a  2  x  10  uBAR 
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Figure  A-3.  Microphone  No.  2  Spectrum  Figure  A  Mi-.'oph^ne  No.  2  Spectrum 

Analysis.  Analysis  Bandwidth  Analysis.  Analysis  Bandwidths  are  0 
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Figure  A-7.  Microphone  No.  5  Spectrum 
Analysis.  Analysis  Bandwidth 
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Microphone  No.  1  Spectrum  Figure  A- 26.  Microphone  No.  2  Spectrum 
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Figure  A-31.  Microphone  No.  5  Spectrum 
Analysis.  Analysis  Bandwidth 
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J -47  ENGINE,  MODIFIED  BURNER  CAN  HOLE  OPEN  -  1.5  INCH  DIAMETER 


A. 2 


A  series  of  three  test  runs  were  made  on  the  J-47  engine  with 
the  modified  burner  can  hole  masked  to  a  1.5-inch  hole.  Each  test  was 
recorded  using  five  microphones  located  in  the  same  positions  as  for  the 
closed  hole  tests.  The  three  tests  were  run  at  the  following  engine 
speeds : 


(1)  70%  RPM  (46  in.  Hg  gage,  diffuser  case  pressure) 

(2)  80%  RPM  (70  in.  Hg  gage,  diffuser  case  pressure) 

(3)  90%  RPM  (97  in.  Hg  gage,  diffuser  case  pressure) 

The  purpose  of  this  test  was  to  determine  the  sound  energy 
level  differential  between  a  closed  hole  on  the  modified  burner  can  and 
a  large  open  hole  (1.5  inches  in  diameter)  at  like  engine  speeds. 

Analysis  of  the  recordings  made  during  the  three  runs  is  given 
on  the  following  pages: 

(1)  70%  run  -  pages  A-32  through  A-37 

(2)  80%  run  -  pages  A- 38  through  A-43 

(3)  90%  run  -  pages  A-44  through  A- 50 

A. 2. 1  Analysis 

A. 2. 1.1  Sound  Energy  Levels 

Microphone  sound  levels  increased  3  to  5  dB  when  the  engine 
RPM  was  increased  from  70%  to  80%  versus  2  to  5  dB  on  the  closed-hole 
test.  Microphone  sound  levels  increased  1  to  3  dB  when  the  engine  RPM 
was  increased  from  80%  to  90%  versus  2  to  4  dB  on  the  closed  hole-test. 
The  lowest  sound  energy  occurred  on  microphone  5  which  was  farthest 
away  from  the  hole.  Microphone  1  had  the  highest  sound  level  due  to 
position  and  location,  Sound  levels  of  27,  21,  and  25  dB  differentials 
for  the  three  runs  were  noted  on  microphone  1  while  the  other  microphone 
differentials  were  much  less.  Microphone  2  and  3  differentials  were 
about  equal  as  were  their  distances  from  the  open  hole.  Microphone  4 
had  the  least  change. 

A. 2. 1.2  Spectrum  Analysis 

As  in  the  closed-hole  test,  discrete  spectral  content  due  to 
engine  machinery  was  present  in  all  grams.  There  was  a  very  noticeable 
change  in  broadband  noise  the  extent  of  which  was  dependent  on  micro¬ 
phone  location.  Noise  up  to  20  kHz  was  present  in  all  grams,  but  was 
more  pronounced  in  those  microphones  located  on  the  engine  mount. 
Instrumentation  microphone  No.  2  data  was  processed  over  seven  analysis 
bandwidths  in  order  to  inspect  for  sustained  discrete  frequencies.  As 
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the  analysis  bandwidth  decreased  and  resolution  increased,  machinery 
frequency  lines  became  apparent.  The  0-  to  100-Hz  analyzing  band,  which 
had  a  resolution  of  0.1  Hz,  showed  short,  unstable  discrete  frequency 
lines.  The  noise  content  of  microphone  2  was  very  dense  up  to  35  kHz 
before  it  decreased.  Discrete  frequencies  in  the  0-  to  40-kHz  micro¬ 
phone  2  gram  were  primarily  masked  out  by  the  noise. 

A  2.1.3  Mean  Square  Analysis 

Microphones  1,  2,  and  3  showed  a  marked  increase  in  energy 
level  from  the  closed-hole  test.  The  differences  were  attributed  to 
proximity  to  the  open  hole.  Microphones  4  and  5,  which  displayed  rela¬ 
tively  high  levels  in  the  closed-hole  tests,  displayed  the  same  charac¬ 
teristics  in  the  open-hole  tests,  but  at  higher  amplitudes.  A  lesser 
amount  of  energy  over  5  kHz  was  noticeable  at  low  engine  speed,  while  at 
high  engine  speed  the  unfiltered  recordings  approximated  the  same  ampli¬ 
tudes  as  the  filtered  recordings.  The  latter  was  not  true  for  micro- 
rv  nes  1  and  2,  which  were  both  located  above  the  open  hole.  The 
Itered  data  from  these  microphones  exhibited  approximately  half  the 
amplitude  of  the  unfiltered  processed  data. 

A. 2. 2  Environmental  Conditions 

The  three  tests  discussed  in  paragraph  A. 2  were  performed  at 
an  ambient  temperature  of  61°  F  and  75%  relative  humidity. 

A. 2. 3  Sound  Energy  Levels 

The  following  tables  list  the  sound  energy  levels  of  the  five 
microphones  at  three  engine  test  speeds: 


Table  A-4 .  Microphone  Sound  Energy  Levels  at  70%  Engine  RPM 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

300 

22 

92 

40 

32 

RMS  (uBAR) 

2400 

1700 

660 

320 

260 

dB  (a) 

141 

139 

131 

124 

122 

a  -4 

Reference  =  2  x  10  pBAR 


FREQUENCY (KHZ)  FREQUENCY 
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Figure  A- 50.  Microphone  No.  2  Spectrum  Figure  A-51.  Microphone  No.  2  Spectrum 
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crophone  No.  3  Spectrum  Figure  A-53.  Microphone  No.  4  Spectrum 
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Figure  A-6S.  Microphone  No.  4  Spectrum  Figure  A-66.  Microphone  No.  5  Spectrum 
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J-47  ENGINE,  MODIFIED  BURNER  CAN  HOLE  OPEN  -  1.0  INCH  DIAMETER 


A. 3 


A  series  of  three  test  runs  were  made  on  the  J-47  engine  with 
the  modified  burner  can  hole  masked  to  a  1.0-inch  hole.  Each  test  was 
recorded  using  five  microphones  located  in  the  same  positions  as  for  the 
closed-hole  tests.  The  three  tests  were  run  at  the  following  engine 
speeds  : 


(1)  70%  RPM  (46  in.  Hg  gage,  diffuser  case  pressure) 

(2)  80%  RPM  (70  in.  Hg  gage,  diffuser  case  pressure) 

(3)  90%  RPM  (97  in.  Hg  gage,  diffuser  case  pressure) 

The  purpose  of  this  test  was  to  determine  the  sound  energy 
level  differential  between  a  closed-hole  on  the  modified  burner  can  and 
a  medium  open  hole  (1.0  inch  in  diameter)  at  like  engine  speeds. 

Analysis  of  the  recordings  made  during  the  three  runs  is  given 
on  the  following  pages: 

(1)  70%  run  -  pages  A-53  through  A-58 

(2)  80%  run  -  pages  A-59  through  A-64 

(3)  90%  run  -  pages  A-65  through  A-70 

A. 3. 1  Analysis 

A. 3. 1.1  Sound  Energy  Levels 

There  was  a  decrease  in  the  sound  level  of  all  microphones  in 
this  test  as  compared  to  the  1.5  inch  open-hole  test.  The  differences 
were  more  pronounced  at  low  engine  speed  and  less  pronounced  at  high 
engine  speed.  The  change  was  greatest  in  microphone  1,  which  was 
pointed  directly  at  the  open  hole.  Microphone  2,  as  in  previous  runs, 
approximated  microphone  1  results.  The  41%  reduction  in  hole  size  area 
from  1.5  to  1.0  inch  reduced  the  sound  energy  level  an  average  of  20%. 

A. 3. 1.2  Spectrum  Analysis 

The  open-hole  test  results  were  similar  to  the  1.5  inch  open- 
hole  test  results.  All  grams  were  less  dense  due  to  reduction  in  noise 
intensity.  No  other  changes  were  apparent. 

A. 3. 1.3  Mean  Square  Analysis 

The  results  of  this  analysis  were  similar  to  the  1.5  inch  open- 
hole  analysis  with  the  exception  that  a  greater  portion  of  the  spectrum 
was  below  5  kHz.  This  was  especially  pronounced  in  microphones  1  and  4 
and  for  all  engine  speeds. 


A-51 


A. 3. 2 


Environmental  Conditions 


The  three  tests  discussed  in  paragraph  A. 3  were  performed  at 
an  ambient  temperature  of  61°  F  and  75%  relative  humidity. 

A. 3. 3  Sound  Energy  Levels 


The  following  tables  list  the  sound  energy  levels  of  the  five 
microphones  at  three  engine  test  speeds: 

Table  A-7.  Microphone  Sound  Energy  Levels  at  70%  Engine  RPM 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

140 

15 

50 

20 

17 

RMS  (uBAR) 

1100 

1200 

400 

160 

140 

dB  (a) 

135 

135 

126 

118 

117 

a  _  A 

Reference  =>  2  x  10  viBAR 


Table  A-8.  Microphone  Sound  Energy  Levels  at  80%  Engine  RPM 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

240 

25 

75 

40 

34 

RMS  (uBAR) 

1900 

1950 

600 

320 

280 

dB  (a) 

140 

140 

130 

124 

123 

o 

Reference  =  2  x  10  uBAR 


Table  A-9.  Microphone  Sound  Energy  Levels  at  90%  Engine  RPM 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

370 

35 

110 

54 

50 

RMS  (uBAR) 

3000 

2800 

880 

430 

400 

dB  (a) 

143 

143 

133 

127 

126 

&  -4 

Reference  -  2  x  10  uBAR 
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Figure  A-72.  Microphone  No.  1  Spectrum  Figure  A-73.  Microphone  No.  2  Spectrum 
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Figure  A-78.  Microphone  No.  5  Spectrum 
Analysis.  Analysis  Bandwidth 
is  0  to  20  kHz. 


I 


t- 


[ 


0 

u 

a  u 
3  © 
tr  s  o 
cn  o 

S  >m  '5  • 

0  O  T3  N 

£  -rt  ± 

£  >3 

M  *J  *0 

■ago 

•  H  3  CN 
O  »  CO 
Z3  O 

g  -a  <-> 

©  3  0 

C  05  ■*;•  LO 
O  t-i 
£  tl  O  * 
P..H  U  0 
O  V)  0  u 
h  XfU  A 
O  <-t  h 

•rt  Cj  r-4  h« 

S51 

b* 


o 
00 
I  . 
«< 

a>  < 

a 

•H 

UU 


V) 


0> 

a 

=> 


V)  0) 

X  o 
a) 

SP 


( 


d> 

S3 

cl 

5 

2 


*  , 

0  cm 

*  O 


o 

X  ' 

1 

■£ 

8 

2 


,  JC 
4h  +j 
O 

•H 

5-1 
■*  S 


tn  o 
•h  o 
tn  a> 
Xctf 


,  3 
tt* 

a*  •  tn 
t**  w  *H 
i  .*-» 

C  w  o 
X  o 

O  r-t  C4 

u  &  u 

3>SH 

bu 


o 

CM 

O 

4*> 

in 

«* 

4> 

U 

2 

H 

U 

<u 

&« 

5* 


A-57 


4- 


snoA 

> 

I 


)•  !  ■•! 


I  .  ! 


-t 


I  i 


o 

z 


M 


LA 

u 

0 

O  T3 
-J  01 
©  -h  -d 
C  ^ 

0X00 

x  ^  o 

§5^* 


£ 


«  < 


2-5  a 

1  S'- 

•  CT*  CQ  <A 
00  <A 

5 


3 


0  X  0 

a  5 


M  • 

0  N 

9.3 

o 

o 

.*  4J 

x: 

*j  i/i 

•o 

0 
_  u 

3  2 

CO  H 


•5 


snoA 


SiTOA 


snoA  SiiOA 

>20  *>20 


FREQUENCY  (KHZ)  FREQUENCY  ‘  KHZ) 


4- 


A-59 


i 


ASW-S87-S4  :  ASW-S87-85 

Figure  A-84.  Microphone  No.  1  Spectrum  Figure  A-85.  Microphone  No.  2  Spectrum 
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Figure  A-86.  Microphone  No.  2  Spectrum  Figure  A-87.  Microphone  No.  2  Spectrum 
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Microphone  No.  3  Spectrum  Figure  A-89.  Microphone  No.  4  Spectrum 

Analysis  Bandwidth  Analysis.  Analysis  Bandwidth 

i  0  to  20  kHz.  is  0  to  20  kHz. 


frequency 


Figure  A-90.  Microphone  No.  5  Spectrum 
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Figure  A-96.  Microphone  No.  1  Spectrum  Figure  A-97.  Microphone  No.  2  Spectrum 
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J-47  ENGINE,  MODIFIED  BURNER  CAN  HOLE  OPEN  -  0.75  INCH 
DIAMETER 


A. 4 


A  series  of  three  test  runs  were  made  on  the  J-47  engine  with 
the  modified  can  hole  masked  to  a  0.75-inch  hole.  Each  test  was 
recorded  using  five  microphones  located  in  the  same  positions  as  for  the 
closed-hole  tests.  The  three  tests  were  run  at  the  following  engine 
speeds : 


(1)  70%  RPM  (46  in.  Hg  gage,  diffuser  case  pressure) 

(2)  80%  RPM  (70  in.  Hg  gage,  diffuser  case  pressure) 

(3)  90%  RPM  (97  in.  Hg  gage,  diffuser  case  pressure) 

The  purpose  of  this  test  was  to  determine  the  sound  energy 
level  differential  between  a  closed  hole  on  the  modified  burner  can  and 
a  small  open  hole  (0.75  inch  in  diameter)  at  like  engine  speeds. 

Analysis  of  the  recordings  made  during  the  three  runs  is 
given  on  the  following  pages: 

(1)  70%  run  -  pages  A-73  through  A-75 

(2)  80%  run  -  pages  A- 79  through  A- 84 

(3)  90%  run  -  pages  A-85  through  A-90 

A. 4.1  Analysis 

A. 4. 1.1  Sound  Energy  Levels 

As  in  the  1.0  inch  open-hole  test,  there  was  a  decrease  in 
the  sound  level  of  all  microphones.  The  decrease,  however,  was  more 
pronounced  at  high  engine  speeds  than  at  low  engine  speeds.  This  is 
the  direct  opposite  of  the  results  of  the  1.0  inch  open  hole  test.  The 
magnitude  of  change  from  a  1.5  to  a  1.0-inch  open  hole  and  from  a  1.0 
to  a  0.75-inch  open  hole  was  approximately  equal.  The  reduction  in  0.75 
inch  open  hole  area  is  approximately  55%  of  1.0  inch  open  hole  and  25% 
of  1.5  inch  open  hole. 

A. 4. 1.2  Spectrum  Analysis 

The  0.75  inch  open-hole  test  results  were  similar  to  the  1.0 
inch  open-hole  test  results.  All  grams  were  less  dense  due  to  a  reduc¬ 
tion  in  noise  intensity.  The  changes  were  most  pronounced  in  micro¬ 
phones  3  and  5. 

A. 4. 1.3  Mean  Square  Analysis 

The  results  of  this  analysis  were  similar  to  the  1.0  inch 
open-hole  test.  Again,  microphone  1  and  4  recordings  showed  that  a 
large  portion  of  the  spectrum  was  below  5  kHz. 
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A. 4. 2 


Environmental  Conditions 


The  three  tests  digcussed  in  paragraph  A. 4  were  performed  at 
an  ambient  temperature  of  61°  F  and  75%  relative  humidity. 

A. 4. 3  Sound  Energy  Levels 


The  following  tables  list  the  sound  energy  levels  of  the  five 
microphones  at  three  engine  test  speeds: 

Table  A-10.  Microphone  Sound  Energy  Levels  at  70%  Engine  RPM 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

90 

8 

28 

15 

13 

RMS  (uBAR) 

720 

630 

260 

120 

105 

dB  (a) 

131 

130 

121 

116 

114 

aRef  =  2  x  10  4  uBAR 


Table  A-ll.  Microphone  Sound  Energy  Levels  at  80%  Engine  RPM 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

170 

19 

45 

26 

20 

RMS  (mBAR) 

1350 

1500 

360 

210 

160 

dB  (a) 

136 

137 

125 

120 

118 

o  aA 

Reference  =  2  x  10  uBAR 


Table  A-12.  Microphone  Sound  Energy  Levels  at  90%  Engine  RPM 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

240 

26 

61 

33 

32 

RMS  (uBAR) 

1900 

2000 

490 

260 

250 

dB  (a) 

139 

140 

128 

122 

122 

A  —4 

Reference  *  2  x  10  uBAR 
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Figure  A-108.  Microphone  No.  1  Spectrum  Figure  A-109.  Microphone  No.  2  Spectrum 
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Figure  A-114.  Microphone  No.  5  Spectrum 
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Figure  A-122.  Microphone  No.  2  Spectrum  Figure  A-123.  Microphone  No.  2  Spectrum 

Analysis.  Analysis  Bandwidth  Analysis.  Analysis  Bandwidths  are  0 

is  0  to  40  kHz.  to  20  kHz  and  0  to  40  kHz. 
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Figure  A-124.  Microphone  No.  3  Spectrum  Figure  A-125.  Microphone  No.  4  Spectrum 

Analysis.  Analysis  Bandwidth  Analysis.  Analysis  Bandwidth 

is  0  to  20  kHz.  is  0  to  20  kHz. 
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Figure  A-126.  Microphone  No.  5  Spectrum 
Analysis.  Analysis  Bandwidth 


gure  A-127.  Microphone  No.  1  Mean  Square  Figure  A-128.  Microphone  No.  2  Mean  Square 
Analysis.  Analysis  Bandwidth  of  Lower  Analysis.  Analysis  Bandwidth  of  Lower 

Trace  is  Full  Recorded  Bandwidth;  of  Trace  is  Full  Recorded  Bandwidth;  of 

Upper  Trace,  5  to  20  kHz.  Upper  Trace,  5  to  20  kHz. 
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MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  Bureau  of  STANDARDS  -  '963  -  A 


J-47  ENGINE,  MODIFIED  BURNER  CAN  FAILURE  No,  1 


A. 5 


In  order  to  simulate  an  actual  burner  can  burn-through,  the 
open  hole  in  the  modified  burner  can  on  the  J-47  engine  was  masked  to  a 
1.5-inch  diameter  hole  and  covered  with  a  0.1- inch  thick  lead  cap. 

Lead,  with  its  low  melting  point,  was  used  to  facilitate  rapid  failure 
since  this  engine  lacked  the  power  and  consequently  the  heat  to  burn 
through  a  thicker  or  higher  melting  point  material.  The  engine  was 
started  and  power  was  increased  with  flame  in  the  can  until  failure 
occurred.  The  test  was  recorded  using  five  microphones  located  in  the 
same  positions  as  for  the  closed  hole  test.  The  purpose  of  this  test 
was  to  compare  the  sound  energy  level  of  a  burn-through  with  that  of  an 
open  hole. 


Analysis  of  the  recordings  made  during  this  test  run  appear 
on  pages  A- 93  through  A- 97. 

A. 5.1  Analysis 

A. 5. 1.1  Sound  Energy  Level 

The  burn-through  test  resulted  in  a  reading  of  121  dB  prior  to 
burn-through  and  143  dB  after  burn-through.  Readings  were  taken  on 
microphone  No.  1  only,  since  the  lead  hole  cover  melted  too  rapidly  to 
allow  for  readings  on  other  microphones.  The  results  compared  favorably 
with  microphone  No.  1  results  for  the  closed  hole  test  at  80%  RPM  and 
the  1.5  inch  open  hole  test  at  80%  RPM. 

A. 5. 1.2  Spectrum  Analysis 

The  results  of  the  spectrum  analysis  indicated  that  the  lead 
plate  failed  when  engine  speed  was  slightly  more  than  80%  RPM.  This 
was  determined  by  comparing  discrete  machinery  frequencies  on  grams 
from  previous  runs  to  the  grams  of  the  burn-through.  No  discrete 
frequencies  due  to  the  bum-through  were  apparent.  The  microphone  No.  2 
gram  was  of  little  value  because  of  an  intermittent  cable. 

A. 5. 1.3  Mean  Square  Analysis 

The  burn-through  was  most  pronounced  on  the  microphone  4  and  5 
recordings.  The  microphone  4  recording  again  showed  a  quantity  of  the 
spectrum  below  5  kHz.  This  was  especially  pronounced  prior  to  burn- 
through. 

A. 5. 2  Environmental  Conditions 

The  test  was  performed  at  an  ambient  temperature  of  77°  F  and 
90%  relative  humidity. 


A. 5. 3 


Sound  Energy  Level 


The  following  table  lists  the  sound  energy  level  of  microphone 
no.  2  before  and  after  burn-through. 

Table  A- 13.  Sound  Energy  Level  Before  and  After  Burn-through 


SOUND  LEVEL 

MICROPHONE  No. 2 

BEFORE 

AFTER 

RMS  (mV) 

28 

370 

RMS  (wBAR) 

230 

3000 

dB  (a) 

121 

143 

3. 

Reference  =»  2  x  10  uBAR 


FREQUENCY ( KHZ) 
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ASW-587-147  AFTER 

Microphone  No.  3  Spectrum  Figure  A-147.  Microphone  No.  3  Spectrum 

Analysis  Bandwidth  Analysis.  Analysis  Bandwidth 

I  to  20  kHz.  is  0  to  20  kHz. 


A. 6  J-47  ENGINE,  MODIFIED  BURNER  CAN  FAILURE  No.  2 

A  second  test  was  run,  which  duplicated  the  previous  burner- 
can  failure,  on  the  J-47  engine. 

Analysis  of  the  recordings  made  during  this  test  run  appear  on 
pages  A-100  through  A-104. 

A . 6 . 1  Analysis 

A. 6.1. I  Sound  Energy  Level 

The  second  burn-through  test  resulted  in  a  reading  of  116  dB 
prior  to  burn-through  and  134  dB  after  burn-through.  Meter  readings 
were  from  microphone  No.  4  only  for  this  test.  When  compared  with 
closed  hole  and  1.5  inch  open-hole  test  readings,  readings  from  this  test 
indicated  that  engine  speed  prior  to  burn-through  was  slightly  greater 
than  70%  and  after  burn-through  slightly  greater  than  80%. 

A. 6. 1.2  Spectrum  Analysis 

The  results  of  the  spectrum  analysis  did  not  show  any  discrete 
frequencies  due  to  burn-through.  By  comparing  the  discrete  frequencies 
of  the  machinery,  it  was  determined  that  the  burn-through  occurred  at 
80%  RPM.  The  microphone  No.  2  gram  was  again  of  little  value  because  of 
an  intermittent  cable. 

A. 6. 1.3  Mean  Square  Analysis 

Microphones  4  and  5  had  the  most  pronounced  change  in  energy 
levels.  The  microphone  No.  3  recording  repeated  bum-through  No.  1 
results  in  that  there  was  a  large  portion  of  low  frequency  components 
prior  to  burn-through. 

A. 6. 2  Environmental  Conditions 

The  test  was  performed  at  an  ambient  temperature  of  77°  F  and 
40%  relative  humidity. 

A. 6. 3  Sound  Energy  Level 

The  following  table  lists  the  sound  energy  level  of  microphone 
No.  3  before  and  after  bum -through. 
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Table  A-14.  Sound  Energy  Level  Before  and  After  Burn-Through 


SOUND  LEVEL 

MICROPHONE  No.  3 

BEFORE 

AFTER 

RMS  (mV) 

15 

130 

RMS  (pBAR) 

120 

1050 

dB  (a) 

116 

134 

o  _  A 

Reference  =  2  x  10  uBAR 
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FREQUENCY  (KHZ) 


BURN- THROUGH  BURN- THROUGH 


APPENDIX  B 


J-57  ENGINE  (PORT) 

B.l  J-57  ENGINE  (PORT),  MODIFIED  BURNER  CAN  HOLE  COVERED 

A  series  of  three  test  runs  were  made  on  the  J-S7  port  engine 
with  the  modified  burner  can  hole  covered.  Each  test  was  recorded  using 
five  microphones  placed  as  noted  in  the  text.  The  three  tests  were  run 
at  the  following  engine  speeds: 

(1)  82%  RPM  (150  in.  Hg  gage,  diffuser  case  pressure) 

(2)  90%  RPM  (240  in.  Hg  gage,  diffuser  case  pressure) 

(3)  Max.  RPM  (270  in.  Hg  gage,  diffuser  case  pressure) 

The  purpose  of  this  test  was  to  establish  a  reference  to  com¬ 
pare  modified  burner  can  closed  hole  sound  energy  levels  at  the  three 
engine  speeds  with  sound  energy  levels  of  the  modified  burner  can  with 
three  sizes  of  open  holes  (1.5,  1.0,  and  0.7S  inch)  at  like  engine 
speeds . 


Analysis  of  the  recordings  made  during  the  three  runs  is  given 
on  the  following  pages: 

(1)  82%  run  -  pages  B-4  through  B-10 

(2)  90%  run  -  pages  B-ll  through  B-19 

(3)  Max.  run  -  pages  B-20  through  B-26 

B. 1 . 1  Analysis 

B.l.  1.1  Sound  Energy  Levels 

Output  levels  of  microphones  1  through  5  were  measured  for  RMS 
sound  energy  during  each  test  run.  Microphone  2  was  a  broadband  instru¬ 
mentation  microphone  and  microphones  1,  3,  4,  and  5  had  a  lower  fre¬ 
quency  response  and  were  all  of  the  same  type.  The  data  was  converted 
to  decibels  by  conversion  factors  detailed  in  Appendix  F.  Variations  in 
RMS  levels  of  microphones  1,  3,  4,  and  5  are  attributed  to  microphone 
location  and  proximity  to  engine  machinery  (i.e.,  fuel  pumps,  etc.). 

The  closed-hole  test  measurements  are  representative  of  a 
normal  engine.  These  measurements  will  be  used  as  a  reference  to  com¬ 
pare  sound  energy  levels  made  during  open  hole  tests  which  are  repre¬ 
sentative  of  a  burner  can  failure.  Microphone  sound  levels  decreased 
from  the  82%  RPM  run  to  the  90%  RPM  run.  This  was  due  to  strong 
discrete  frequencies  generated  by  engine  machinery  at  82%  RPM.  The 
frequencies  appeared  to  be  resonant  at  82%  RPM  and  to  have  several 
harmonics.  The  resonances  dissipated  as  the  engine  speed  was  increased 


B-l 
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to  90%  RPM.  The  sound  energy  levels  likewise  decreased.  Only  a  small 
change  (1  dB)  was  noted  between  the  90%  RPM  run  and  the  maximum  RPM  run. 

B.l.1.2  Spectrum  Analysis 

The  analysis  bandwidth  was  0  to  20  kHz  for  all  microphones. 

In  addition,  the  instrumentation  microphone  (No.  2)  data  was  analyzed 
from  0  to  40  kHz.  Discrete  spectral  content  was  especially  evident  in 
the  82%  RPM  run  and  most  prominent  in  microphone  1,  2,  and  4  grams,  all 
of  which  were  located  farthest  from  the  engine  accessary  drive  machinery 
(fuel  pump,  oil  pump,  etc.).  Microphone  3  and  5  grams  showed  less  dis¬ 
crete  frequencies  and  more  broadband  random  noise.  The  90%  and  maximum 
RPM  grams  were  similar,  and  consisted  primarily  of  broadband  random 
noise  with  some  machinery- created  discrete  frequency  lines.  The  instru¬ 
mentation  microphone  gram  showed  little  noise  above  20  kHz. 

3. 1.1. 3  Mean  Square  Analysis 

The  data  from  each  microphone  was  analyzed  over  bandwidths  of 
0  to  20  kHz  and  5  to  20  kHz  simultaneously,  using  mean  square  tech¬ 
niques.  This  method  of  analysis,  when  recorded,  showed  the  summation 
of  the  total  spectrum  at  any  given  time  versus  the  summation  of  the 
spectrum  above  5  kHz.  The  recordings  showed  considerable  fluctuation 
at  82%  RPM  with  most  of  the  spectrum  below  5  kHz.  The  recordings 
smoothed  out  at  90%  and  maximum  RPM,  but  again  most  of  the  spectrum  was 
below  5  kHz. 

B.1.2  Environmental  Conditions 


The  three  tests  digcussed  in  paragraph  B.l  were  performed  at 
an  ambient  temperature  of  77°  F  and  25%  relative  humidity.  Microphone 
temperatures  were  as  follows: 


MICROPHONE 

1 

2 

3  |  4  5 

TEMPERATURE  (°  F) 

130 

140 

80  (a)  140  80  (a) 

a  Q 

The  thermocouples  were  inaccurate  below  100  F. 


B.l. 3  Sound  Energy  Levels 

The  following  tables  list  the  sound  energy  levels  of  the  five 
microphones  at  three  engine  test  speeds: 
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Table  B-l.  Microphone  Sound  Energy  Levels  at  82%  Engine  RPM 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

100 

39 

49 

72 

37 

RMS  (uBAR) 

800 

3100 

400 

570 

300 

dB  (a) 

132 

144 

126 

129 

123 

a  .A 

Reference  =  2  x  10  mBAR 


Table  B-2.  Microphone  Sound  Energy  Levels  at  90%  Engine  RPM 


SOUND  LEVEL 

MICROPHONE 

_ 

1 

2 

3 

4 

5 

RMS  (mV) 

40 

13 

31 

30 

40 

RMS  (mBAR) 

320 

1000 

250 

240 

320 

dB  (a) 

124 

134 

122 

122 

124 

o  aA 

Reference  =  2  x  10  uBAR 


Table  B-3.  Microphone  Sound  Energy  Levels  at  Maximum  Engine  RPM 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

45 

14 

34 

33 

42 

RMS  (uBAR) 

360 

1100 

270 

260 

340 

dB  (a) 

125 

135 

123 

122 

125 

Q  >A 

Reference  =  2  x  10  mBAR 
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Lgure  B-3.  Microphone  No.  2  Spectrum  Figure  B-4.  Microphone  No.  2  Spectrum 

Analysis.  Analysis  Bandwidth  Analysis.  Analysis  Bandwidths  are.  0 

is  0  to  40  kHz.  to  20  kHz  and  0  to  40  kHz. 


FREQUENCY  (KHZ) 


Figure  B-7.  Microphone  No.  5  Spectrum 
Analysis.  Analysis  Bandwidth 


5  to  20  kHz 


Upper  Trace,  5  to  20  kHz 


Upper  Trace,  5  to  20  kHz 


FREQUENCY  (KHZ)  FREQUENCY  (KHZ) 


Figure  B-13.  Microphone  No.  1  Spectrum  Figure  B-14.  Microphone  No.  2  Spectrum 

Analysis.  Analysis  Bandwidth  Analysis.  Analysis  Bandwidth 

is  0  to  20  kHz.  is  0  to  20  kHz. 


FREQUENCY  (KHZ) 


i 
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Figure  B-15.  Microphone  No.  2  Spectrum  Figure  B-16.  Microphone  No.  2  Spectrum 

Analysis.  Analysis  Bandwidth  Analysis.  Analysis  Bandwidths  are  0 

is  0  to  40  kHz.  to  20  kHz  and  0  to  40  kHz. 


Figure  B-19.  Microphone  No.  5  Spectrum 
Analysis.  Analysis  Bandwidth 
is  0  to  20  kHz. 


is  Full  Recorded  Bandwidth;  of  Upper  Trace,  5  to  20  kHz. 


is  Full  Recorded  Bandwidth;  of  Upper  Trace,  5  to  20  kHz. 


'ecorded  Bandwidth;  of  Upper  Trace 


FREQUENCY  (KHZ) 


Figure  B-31.  Microphone  No.  5  Spectrum 
Analysis.  Analysis  Bandwidth 


Upper  Trace,  5  to  20  kHz 


Trace  is  Full  Recorded  Bandwidth;  of 
Ifeoer  Trace.  5  to  20  kHz. 


B.2  J-S7  ENGINE  (PORT) ,  MODIFIED  BURNER  CAN  HOLE  OPEN  -  1.5  INCH 

DIAMETER 

A  series  of  three  test  runs  were  made  on  the  J-57  engine  with 
the  modified  burner  can  hole  masked  to  a  1.5-inch  hole.  Each  test  was 
recorded  using  five  microphones  located  in  the  same  positions  as  for  the 
closed  hole  tests.  The  three  tests  were  run  at  the  following  engine 
speeds : 


(1)  82%  RPM  (150  in.  Hg  gage,  diffuser  case  pressure) 

(2)  90%  RPM  (240  in.  Hg  gage,  diffuser  case  pressure) 

(3)  Max.  RPM  (270  in.  Hg  gage,  diffuser  case  pressure) 

The  purpose  of  this  test  was  to  determine  the  sound  energy 
level  differential  between  a  closed  hole  on  the  modified  burner  can  and 
a  large  open  hole  (1.5  inches  in  diameter)  at  like  engine  speeds. 

Analysis  of  the  recordings  made  during  the  three  runs  is  given 
on  the  following  pages: 

(1)  82%  run  -  pages  B-30  through  B-36 

(2)  90%  run  -  pages  B-37  through  B-43 

(3)  Max.  run  -  pages  B-44  through  B-50 

B. 2. 1  Analysis 
B .  2 . 1 . 1  Sound  Energy  Levels 

Microphone  sound  pressure  levels  stayed  almost  constant  as  the 
engine  RPM  was  increased  from  82%  to  90%  to  maximum.  There  was  a  2  to  9 
dB  increase  from  the  closed-hole  test  at  82%  RPM  to  the  open-hole  test. 
The  greatest  change  in  pressure  level  occurred  in  microphone  4,  which 
was  the  second  closest  to  the  open  hole,  and  the  least  pressure  level 
occurred  in  microphone  2,  which  was  the  closest  to  the  hole.  A  greater 
change,  3  to  17  dB,  was  noted  between  open-hole  and  closed-hole  reaaings 
at  90%  and  maximum  RPM.  Microphone  4  showed  the  greatest  change  and 
microphone  5,  which  was  farthest  from  the  hole,  showed  the  least  change. 
Microphones  1,  2,  and  4  showed  the  greatest  increase,  due  to  their  prox¬ 
imity  to  the  open  hole,  while  microphones  3  and  5  showed  the  least  and 
were  farthest  from  the  hole. 

B.2. 1.2  Spectrum  Analysis 

The  grams  were  consistent  throughout  the  three  test  runs  from 
microphone  to  microphone.  The  only  noticeable  change  was  in  gram 
density  as  RPM  increased.  Some  discrete  frequency  lines,  all  of  which 
were  below  10  kHz,  were  visible.  As  in  previous  runs,  these  lines  were 
caused  by  engine  machinery.  Microphone  2,  the  instrumentation  micro¬ 
phone,  showed  broadband  random  noise  to  40  kHz,  the  bulk  of  which  was 
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below  20  kHz.  The  microphone  5  gram  contained  the  most  random  noise. 
The  discrete  frequencies  which  appeared  in  the  covered  hole  test  at  82% 
RPM  were  apparently  masked  out  by  the  broadband  random  noise. 

B.2.1.3  Mean  Square  Analysis 

The  mean  square  analysis  recordings  showed  most  of  the  open- 
hole  energy  to  be  above  5  kHz  when  compared  with  the  closed  hole  tests. 
Burner  can  "flame  on"  can  clearly  be  seen  in  the  90%  and  maximum  RPM 
runs.  It  is  also  seen  that  the  "flame"  in  the  burner  can  creates  fre¬ 
quencies  primarily  above  5  kHz. 

B.2.2  Environmental  Conditions 


The  three  tests  discussed  in  paragraph  B.2  were  performed  at 
an  ambient  temperature  of  77°  F  and  25%  relative  humidity.  Microphone 
temperatures  were  as  follows: 


MICROPHONE  1 

1 

2 

3 

4 

5 

TEMPERATURE  (°  F) 

120 

160 

70  (a) 

140 

60  (a) 

B . 2 . 3  Sound  Energy  Levels 

The  following  tables  list  the  sound  energy  levels  of  the  five 
microphones  at  three  engine  test  speeds: 


Table  B-4.  Microphone  Sound  Energy  Levels  at  82%  Engine  RPM 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

170 

62 

61 

210 

59 

RMS  (uBAR) 

1380 

4800 

490 

1700 

470 

dB  (a) 

137 

148 

128 

138 

127 

a  _  A 

Reference  =  2  x  10  uBAR 


Table  B-5.  Microphone  Sound  Energy  Levels  at  90%  Engine  RPM 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

200 

65 

70 

230 

60 

RMS  (pBAR) 

1600 

5100 

560 

1850 

480 

dB  (a) 

138 

148 

129 

139 

128 

a  .  A 

Reference  =  2  x  10  pBAR 
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FREQUENCY  (KHZ)  FREQUENCY  (KHZ) 


ASW-587-204  ASW-S87-205 

Figure  B-41.  Microphone  No.  3  Spectrum  Figure  B-42.  Microphone  No.  4  Spectrum 

Analysis.  Analysis  Bandwidth  Analysis.  Analysis  Bandwidth 
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Figure  B-49.  Microphone  No.  1  Spectrum  Figure  B-50.  Microphone  No.  2  Spectrum 

Analysis.  Analysis  Bandwidth  Analysis.  Analysis  Bandwidth 

is  0  to  20  kHz.  is  0  to  20  kHz. 
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Figure  B-55.  Microphone  No.  5  Spectrum 
Analysis.  Analysis  Bandwidth 


is  Full  Recorded  Bandwidth;  of 
Upper  Trace,  5  to  20  kHz. 
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Figure  B-65.  Microphone  No.  3  Spectrum  Figure  B-66.  Microphone  No.  4  Spectrum 

Analysis.  Analysis  Bandwidth  Analysis.  Analysis  Bandwidth 
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Figure  B-67.  Microphone  No.  5  Spectrum 
Analysis.  Analysis  Bandwidth 
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ASW-S87-23S 

Figure  B-72.  Microphone  No.  5  Mean  Square 
Analysis.  Analysis  Bandwidth  of  Lower 
Trace  is  Full  Recorded  Bandwidth;  of 
Upper  Trace.  5  to  20  kHz. 


B.3  J-57  ENGINE  (PORT),  MODIFIED  BURNER  CAN  HOLE  OPEN  -  1.0-INCH 

DIAMETER 

A  series  of  three  test  runs  were  made  on  the  J-57  engine  with 
the  modified  burner  can  hole  masked  to  a  1.0-inch  hole.  Each  test  was 
recorded  using  five  microphones  located  in  the  same  positions  as  for  the 
closed-hole  tests.  The  three  tests  were  run  at  the  following  engine 
speeds : 


(1)  82%  RPM  (150  in.  Hg  gage,  diffuser  case  pressure) 

(2)  90%  RPM  (240  in.  Hg  gage,  diffuser  case  pressure) 

(3)  Max.  RPM  (270  in.  Hg  gage,  diffuser  case  pressure) 

The  purpose  of  this  test  was  to  determine  the  sound  energy 
level  differential  between  a  closed  hole  on  the  modified  burner  can  and 
a  medium  open  hole  (1.0  inch  in  diameter)  at  like  engine  speeds. 

Analysis  of  the  recordings  made  during  the  three  runs  is  given 
on  the  following  pages: 

(1)  82%  run  -  pages  B-53  through  B-61 

(2)  90%  run  -  pages  B-62  through  B-68 

(3)  Max.  run  -  pages  B-69  through  B-75 

B.3.1  Analysis 

B.3. 1.1  Sound  Energy  Levels 

The  1.0  inch  open-hole  readings  were  similar  to  the  1.5- inch 
open-hole  readings  except  that  they  were  slightly  lower.  This  was 
probably  due  to  hole  size  reduction.  Microphones  3  and  5,  which  were 
farthest  from  the  open  hole,  showed  the  least  change  (1  dB  drop)  while 
microphones  1  and  4,  which  were  close  to  the  hole,  showed  3  to  5  dB 
drops.  Microphone  2,  a  different  type  for  this  run  than  was  used  for 
the  closed  hole  and  1.5  inch  open-hole  test,  is  not  directly  comparable. 

As  in  the  closed»hole  test,  the  82%  RPM  was  very  noisy.  A 
greater  differential  between  closed-hole  and  open-hole  tests  appear  in 
the  90%  and  maximum  RPM  runs. 

B.3. 1.2  Spectrum  Analysis 

The  grams  for  this  test  were  almost  identical  to  the  1.5-inch 
open-hole  test.  There  were  no  distinct  characteristic  differences  from 
those  noted  in  the  1.5-inch  open-hole  test. 
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B.3.1.3  Mean  Square  Analysis 

The  mean  square  analysis  recordings  showed  a  greater  portion 
of  the  spectral  content  to  be  above  S  kHz  than  for  the  1.5 -inch  open- 
hole  and  closed-hole  tests.  Burner  can  "flame  on"  was  not  as  distinct 
as  for  the  1.5- inch  open-hole  test. 

B.3.2  Environmental  Conditions 

The  three  tests  digcussed  in  paragraph  B.3  were  performed  at 
an  ambient  temperature  of  68°  F  and  78%  relative  humidity. 

B.3. 3  Sound  Energy  Levels 


The  following  tables  list  the  sound  energy  levels  of  the  five 
microphones  at  three  engine  test  speeds : 

Table  B-7.  Microphone  Sound  Energy  Levels  at  82%  Engine  RPM 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

88 

115 

62 

145 

47 

RMS  (yBAR) 

630 

930 

500 

1150 

380 

dB  (a) 

131 

133 

128 

135 

. 

125 

o  _  A 

Reference  =  2  x  10  yBAR 


Table  B-8.  Microphone  Sound  Energy  Levels  at  90%  Engine  RPM 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

95 

125 

65 

125 

54 

RMS  (yBAR) 

760 

1000 

520 

1000 

430 

dB  (a) 

132 

134 

128 

134 

127 

n  _  A 

Reference  =  2  x  10  yBAR 


Table  B-9.  Microphone  Sound  Energy  Levels  at  Maximum  Engine  RPM 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

100 

130 

78 

130 

60 

RMS  (yBAR) 

800 

1040 

630 

1040 

480 

dB  (a) 

132 

134 

130 

134 

128 

<a  «4 

Reference  *  2  x  10  yBAR 
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FREOUENCr  (KHZ) 


Figure  B-79.  Microphone  No.  5  Spectrum 
Analysis.  Analysis  Bandwidth 


inalysis.  Analysis  Bandwidth  of  Lower 
Trace  is  Full  Recorded  Bandwidth;  of 
Upper  Trace,  5  to  20  kHz. 


jure  B-83 .  Microphone  No.  4  Mean  Square 
analysis.  Analysis  Bandwidth  of  Lower 
Trace  is  Full  Recorded  Bandwidth;  of 
Upper  Trace.  5  to  20  kHz. 
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Figure  B-85.  Microphone  No.  1  Spectrum  Figure  B-86.  Microphone  No.  2  Spectrum 

Analysis.  Analysis  Bandwidth  Analysis.  Analysis  Bandwidth 


FREQUENCY  (KHZ) 


Figure  B-87.  Microphone  No.  2  Spectrum 
Analysis.  Analysis  Bandwidth 
is  0  to  40  kHz. 
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ASW-S87-2S2  ASW-S87-253 

Figure  B-89.  Microphone  No.  3  Spectrum  Figure  B-90.  Microphone  No.  4  Spectrum 

Analysis.  Analysis  Bandwidth  Analysis.  Analysis  Bandwidth 
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Figure  B-91.  Microphone  No.  5  Spectrum 
Analysis.  Analysis  Bandwidth 
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ASW-S87-260  ASW-587-261 

Figure  B-97.  Microphone  No.  1  Spectrum  Figure  B-98.  Microphone  No.  2  Spectrum 

Analysis.  Analysis  Bandwidth  Analysis.  Analysis  Bandwidth 

i«  I)  to  20  kHz.  is  0  to  20  kHz. 
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Figure  B-99.  Microphone  No.  2  Spectrum 
Analysis.  Analysis  Bandwidth 


FREQUENCY  (KHZ)  FREQUENCY  (KHZ) 


Figure  B-101.  Microphone  No.  3  Spectrum  Figure  B-102.  Microphone  No.  4  Spectrum 

Analysis.  Analysis  Bandwidth  Analysis.  Analysis  Bandwidth 


FREQUENCY  (KHZ) 


Figure  B-103.  Microphone  No.  5  Spectrum 
Analysis.  Analysis  Bandwidth 
is  0  to  20  kHz. 


587-269  ASW-S87-270 

.gure  B-106.  Microphone  No.  3  Mean  Square  Figure  B-107.  Microphone  No.  4  Mean  Square 

Analysis.  Analysis  Bandwidth  of  Lower  Analysis.  Analysis  Bandwidth  of  Lower 

Trace  is  Full  Recorded  Bandwidth;  of  Trace  is  Full  Recorded  Bandwidth;  of 

Upper  Trace,  5  to  20  kHz.  Upper  Trace,  5  to  20  kHz. 
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J-57  ENGINE  (PORT)  MODIFIED  BURNER  CAN  HOLE  OPEN  -  0.75  INCH 
DIAMETER 


A  series  of  three  test  runs  were  made  on  the  J-57  engine  with 
the  modified  can  hole  masked  to  a  0.75-inch  hole.  Each  test  was 
recorded  using  five  microphones  located  in  the  same  positions  as  for  the 
closed  hole  tests.  The  three  tests  were  run  at  the  following  engine 
speeds : 


(1)  82%  RPM  (150  in.  Hg  gage,  diffuser  case  pressure) 

(2)  90%  RPM  (240  in.  Hg  gage,  diffuser  case  pressure) 

(3)  Max.  RPM  (270  in.  Hg  gage,  diffuser  case  pressure) 

The  purpose  of  this  test  was  to  determine  the  sound  energy 
level  differential  between  a  closed  hole  on  the  modified  burner  can  and 
a  small  open  hole  (0.75  inch  in  diameter)  at  like  engine  speeds. 

Analysis  of  the  recordings  made  during  the  three  runs  is  given 
on  the  following  pages: 

(1)  82%  run  -  pages  B-78  through  B-86 

(2)  90%  run  -  pages  B-87  through  B-93 

(3)  Max.  run  -  pages  B-94  through  B-100 

B.4.1  Analysis 
B . 4 . 1 . 1  Sound  Energy  Levels 

Further  reduction  in  hole  size  yielded  further  reduction  in 
meter  readings.  The  least  change  appeared  on  microphones  3  and  5,  as 
was  the  case  in  the  1-inch  open-hole  test.  These  microphones  were 
farthest  from  the  open  hole.  There  was  only  a  1  to  2  dB  differential 
for  the  82%  RPM  run  between  the  closed-hole  and  0.75- inch  open  hole- 
test.  A  similarity  between  the  closed-hole  and  0.75-inch  open-hole 
tests  appeared  for  all  microphones.  The  higher  energy  levels  apparent 
in  the  closed-hole  test,  due  to  machinery  frequencies  at  82%  RPM,  also 
appeared  in  the  82%  RPM,  0.75- inch  open-hole  test.  The  sound  levels 
dropped  at  90%  RPM  and  stayed  the  same  or  increased  slightly  at  maximum 
RPM  closely  following  the  closed  hole  results.  The  microphones  close 
to  the  open  hole  showed  a  3  to  8  dB  increase  over  closed-hole  tests  at 
maximum  RPM. 

B.4.1. 2  Spectrum  Analysis 

The  grams  from  this  test,  at  82%  RPM,  are  similar  to  the 
closed-hole  tests  in  that  there  are  many  discrete  machinery  frequencies 
visable  with  what  could  be  called  an  overlay  of  broadband  noise.  It  is 
again  apparent  that  the  random  noise  created  by  the  open-hole  masks  the 
discrete  machinery  frequencies. 


B.4.1.3  Mean  Square  Analysis 

The  microphones  farthest  from  the  open  hole  contained  a 
greater  quantity  of  the  spectrum  below  5  kHz  than  did  those  located 
close  to  the  hole.  Recordings  from  microphones  3  and  5  in  the  0.75  inch 
open- hole  test  are  especially  good  examples  of  this  fact.  Microphones 
1,  2,  and  4  showed  much  less  spectrum  below  5  kHz. 

B.4. 2  Environmental  Conditions 


The  three  tests  digcussed  in  paragraph  B.4  were  performed  at 
an  ambient  temperature  of  68°  F  and  78%  relative  humidity. 

B.4. 3  Sound  Energy  Levels 

The  following  tables  list  the  sound  energy  levels  of  the  five 
microphones  at  three  engine  test  speeds : 


Table  B-10.  Microphone  Sound  Energy  Levels  at  82%  Engine  RPM 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

72 

92 

60 

110 

42 

RMS  (uBAR) 

580 

740 

480 

880 

340 

dB  (a) 

129 

131 

128 

133 

124 

ft  —4 

Reference  =  2  x  10  uBAR 


Table  B-ll.  Microphone  Sound  Energy  Levels  at  90%  Engine  RPM 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

52 

68 

54 

70 

50 

RMS  (uBAR) 

420 

540 

430 

560 

400 

dB  (a) 

126 

129 

127 

129 

126 

Reference  =  2  x  10-4  uBAR 


Table  B-12.  Microphone  Sound  Energy  Levels  at  Maximum  Engine  RPM 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

66 

80 

r  70 

88 

52 

RMS  (uBAR) 

520 

640 

560 

700 

420 

dB  (a) 

128 

130 

129 

130 

126 

aRefere«H|e  «  2  x  10'4  uBAR 
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Figure  B-113.  Microphone  No.  3  Spectrum  Figure  B-114.  Microphone  No.  4  Spectrum 

Analysis,  Analysis  Bandwidth  Analysis.  Analysis  Bandwidth 
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Figure  B-115.  Microphone  No.  5  Spectrum 
Analysis.  Analysis  Bandwidth 


lysis.  Analysis  Bandwidth  of  Lower 
ace  is  Full  Recorded  Bandwidth;  of 
Upper  Trace,  5  to  20  kHz. 
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is  Full  Recorded  Bandwidth;  of 
Upper  Trace,  5  to  20  kHz. 


Figure  B-118.  Microphone  Ho.  3  Mean  Square 
Analysis.  Analysis  Bandwidth  of  Lower 
Trace  is  Full  Recorded  Bandwidth;  of 
Upper  Trace,  5  to  20  kHz. 


is  Full  Recorded  Bandwidth;  of 
Upper  Trace,  5  to  20  kHz. 


is  Full  Recorded  Bandwidth; 
Upper  Trace,  5  to  20  kHz. 
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Figure  B-121.  Microphone  No.  1  Spectrum  Figure  B-122.  Microphone  No.  2  Spectrum 

Analysis.  Analysis  Bandwidth  Analysis.  Analysis  Bandwidth 

is  0  to  20  kHz.  is  0  to  20  kHz. 


Figure  B-125.  Microphone  No.  3  Spectrum  Figure  B-126.  Microphone  No.  4  Spectrum 

Analysis.  Analysis  Bandwidth  Analysis.  Analysis  Bandwidth 
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Figure  B-135.  Microphone  No.  2  Spectrum 
Analysis.  Analysis  Bandwidth 
is  0  to  40  kHz. 
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Figure  B-137.  Microphone  No.  3  Spectrum  Figure  B-138.  Microphone  No.  4  Spectrum 

Analysis.  Analysis  Bandwidth  Analysis.  Analysis  Bandwidth 
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Figure  B-139.  Microphone  No.  5  Spectrum 
Analysis.  Analysis  Bandwidth 


Trace  is  Full  Recorded  Bandwidth;  of 
Upper  Trace.  5  to  20  kHz. 


B .5  J-57  ENGINE,  MODIFIED  BURNER  CAN  FAILURE  -  82%  RPM 

In  order  to  simulate  an  actual  burner  can  burn-through,  the 
open  hole  in  the  modified  burner  can  on  the  J-57  engine  was  masked  to 
a  1.5- inch  diameter  hole  and  covered  with  a  0.062-inch  thick  aluminum 
cap.  In  addition,  a  0.05  inch  thick  piece  of  material  was  fastened  to 
the  cowling.  The  effect  of  the  two  thicknesses  of  material  was  to 
simulate  actual  conditions.  The  engine  was  started  and  power  was 
increased  with  flame  in  the  can  until  failure  occurred.  The  test  was 
recorded  using  five  microphones  located  in  the  same  positions  as  for 
the  closed-hole  test.  The  purpose  of  this  test  was  to  compare  the 
sound  energy  level  of  a  burn-through  with  that  of  an  open  hole. 

Analysis  of  the  recordings  made  during  this  test  run  appear  on 
pages  B-103  through  B-114. 

B.5.1  Analysis 

B.5.1.1  Sound  Energy  Levels 

The  meter  readings  recorded  prior  to  and  after  burn -through 
are  within  1  dB  of  both  the  closed-hole  and  open-hole  runs  for  like 
conditions.  Only  microphone  4  was  recorded  for  this  test. 

B.S.1.2  Spectrum  Analysis 

The  grams  clearly  show  the  same  discrete  frequency  lines  that 
appeared  in  the  closed-hole  test  prior  to  bum-through.  When  the  burner 
can  cap  ruptured,  a  dark  band  of  broadband  random  noise  appeared.  The 
noise  subsided  momentarily,  then  increased  as  the  cowling  cover  rup¬ 
tured.  The  intensity  of  the  noise  after  cowling  rupture  was  not  as 
great  as  for  the  burner  can  cap  rupture.  No  discrete  bum-through  fre¬ 
quencies  were  apparent.  The  major  portion  of  the  spectrum  appeared 
below  10  kHz  tapering  off  gradually  as  the  frequency  increased.  Instru¬ 
mentation  microphone  No.  2  data  was  analyzed  to  40  kHz. 

B.5.1.3  Mean  Square  Analysis 

Previous  tests  indicated  that  much  of  the  broadband  random 
noise  created  by  engine  machinery  was  below  5  kHz  whereas  the  burn- 
through  broadband  random  noise  was  above  5  kHz.  To  illustrate  and 
confirm  this  assumption,  instrumentation  microphone  No .  2  was  analyzed 
at  2  to  20  kHz,  3  to  20  kHz,  4  to  20  kHz,  and  5  to  20  kHz  using  raw  DATA 
(0  to  70  kHz)  analysis  as  a  direct  comparison.  Bum-through  was  hardly 
disceraable  in  the  raw  processed  recording  but  became  increasingly  more 
visible  as  the  low  band  frequency  cutoff  was  raised. 

B.5.2  Environmental  Conditions 

The  test  was  performed  at  an  ambient  temperature  of  77°  F  and 
25%  relative  humidity.  Microphone  temperatures  were  as  follows: 


B- 101 


MICROPHONE 

1 

2 

3 

4 

5 

TEMPERATURE  (°  F) 

100 

130 

80  (a) 

110 

70  (a) 

thermocouples  were  inaccurate  below  100°  F. 


B.5.3  Sound  Energy  Level 

The  following  table  lists  the  sound  energy  level  of  microphone 
No.  4  before  and  after  burn-through. 

Table  B-13.  Sound  Energy  Level  Before  and  After  Burn-through 


SOUND  LEVEL 

MICROPHONE  No.  4 

BEFORE 

AFTER 

RMS  (mV) 

78 

230 

RMS  (pBAR) 

540 

1850 

dB  (a) 

130 

139 

a  _  A 

Reference  =  2  x  10  yBAR 
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Figure  B-151.  Microphone  No.  4  Spectrum  Figure  B-152.  Microphone  No.  5  Spectrum 

Analysis.  Analysis  Bandwidth  Analysis.  Analysis  Bandwidth 


Trace,  5  to  20  kHz. 


BURN- THROUGH 


Trace  is  Full  Recorded  Bandwidth;  of  Upper 
Trace,  2  to  20  kHz. 


BURN -THROUGH 


Trace  is  Full  Recorded  Bandwidth;  of  Upper 
Trace,  3  to  20  kHz. 


BURN- THROUGH 


Analysis.  Analysis  Bandwidth  of  Lower 
Trace  is  Full  Recorded  Bandwidth;  of  Upper 
Trace,  4  to  20  kHz. 


Figure  B-157.  Microphone  No.  2  Mean  Square 
Analysis.  Analysis  Bandwidth  of  Lower 
Trace  is  Full  Recorded  Bandwidth;  of  Upper 
Trace,  5  to  20  kHz. 


BURN- THROUGH 


ysis.  Analysis  Bandwidth  of  Lower 
ce  is  Full  Recorded  Bandwidth;  of 
Upper  Trace,  5  to  20  kHz. 


BURN- THROUGH 


malysis.  Analysis  Bandwidth  of  Lower 
Trace  is  Full  Recorded  Bandwidth;  of 
Upper  Trace,  5  to  20  kHz. 


BURN -THROUGH 


Analysis.  Analysis  Bandwidth  of  Lower 
Trace  is  Full  Recorded  Bandwidth;  of 
Upper  Trace,  5  to  20  kHz. 


B.6  J-S7  ENGINE,  MODIFIED  BURNER  CAN  FAILURE  -  90%  RPM 

A  second  test  was  run  which  duplicated  the  previous  burner-can 
failure  test  except  that  the  engine  speed  was  increased  to  90%  RPM, 

Analysis  of  the  recordings  made  during  this  test  run  appear  on 
pages  B-117  through  B-I24. 

B . 6 . 1  Analysis 

B.6. 1.1  Sound  Energy  Levels 

The  meter  readings  recorded  prior  to  burn-through  are  2  dB 
greater  than  those  recorded  for  the  closed-hole  test.  The  readings 
after  burn-through  are  the  same  as  for  the  1.5  inch  open-hole  test. 

B.6. 1.2  Spectrum  Analysis 

Each  gram  was  unique  for  the  90%  RPM  burn-through  test.  They 
varied  not  only  in  discrete  frequency  content,  but  also  displayed  the 
burner  can  and  cowling  ruptures  in  distinctly  different  manners.  Broad¬ 
band  random  noise  also  varied  greatly. 

B.6. 1.3  Mean  Square  Analysis 

The  low  frequency  cutoff  was  varied  in  the  same  manner  as  the 
82%  RPM  burn-through.  The  results  were  similar  but  not  as  vivid  because 
of  less  low  frequency  content  in  the  spectrum.  Microphone  5,  farthest 
from  the  burn-through,  had  greater  frequency  content  in  the  spectrum  and 
showed  less  change  even  when  filtered. 

B.6. 2  Environmental  Conditions 


The  test  was  performed  at  an  ambient  temperature  of  77°  F  and 
25%  relative  humidity.  Microphone  temperatures  were  as  follows: 


MICROPHONE 

1 

2 

3 

4 

5 

TEMPERATURE  (°  F) 

110 

130 

70  (a) 

110 

70  (a) 

q  Q 

The  thermocouples  were  inaccurate  below  100  F. 


B . 6 . 3  Sound  Energy  Levels 

The  following  table  lists  the  sound  energy  level  of  microphone 
4  before  and  after  burn-through. 
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Table  B-14.  Sound  Energy  Level  Before  and  After  Burn-through 


SOUND  LEVEL 

MICROPHONE  No.  4 

BEFORE 

AFTER 

RMS  (mV) 

38 

220 

RMS  (uBAR) 

300 

1750 

dB  (a) 

124 

139 

a  aA 

Reference  =  2  x  10  wBAR 
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Figure  B-161.  Microphone  No.  1  Spectrum  Figure  B-162.  Microphone  No.  2  Spectrum 

Analysis.  Analysis  Bandwidth  Analysis.  Analysis  Bandwidth 
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ASW-587-326  ASW-587-327 

Figure  B-163.  Microphone  No.  2  Spectrum  Figure  B-164.  Microphone  No.  2  Spectrum 

Analysis  Before  Burn-through.  Analysis  Analysis  After  Burn-through.  Analysis 

Bandwidths  are  0  to  20  kHz  and  0  to  40  kHz.  Bandwidths  are  0  to  20  kHz  and  0  to  40  kH: 


FREQUENCY  (KHZ)  FREQUENCY  ( KHZ) 


Figure  B-165.  Microphone  No.  2  Spectrum  Figure  B-166.  Microphone  No.  3  Spectrum 

Analysis.  Analysis  Bandwidth  Analysis.  Analysis  Bandwidth 


gure  B-171 .  Microphone  No.  2  Mean  Square  Figure  B-17Z.  Microphone  No.  2  Mean  Square 

Analysis.  Analysis  Bandwidth  of  Lower  Analysis.  Analysis  Bandwidth  of  Lower 

Trace  is  Full  Recorded  Bandwidth;  of  Trace  is  Full  Recorded  Bandwidth;  of 

Upper  Trace,  3  to  20  kHz.  Upper  Trace,  4  to  20  kHz. 


B . 7  .J-57  ENGINE ,  MODIFIED  BURNER  CAN  FAILURE  -  MAXIMUM  RPM 

A  third  test  was  run  which  duplicated  the  previous  two-burner 
can  failure  tests  except  that  the  engine  speed  was  increased  to  maximum 
RPM. 

Analysis  of  the  recordings  made  during  this  test  run  appear 
on  pages  B-127  through  B-134. 

B. 7 . 1  Analysis 

B.7.1.1  Sound  Energy  Levels 

The  meter  readings  recorded  prior  to  burn-through  were  2  dB 
greater  than  those  recorded  for  the  closed- hole  test.  The  readings 
after  burn-through  were  the  same  as  for  the  1.5  inch  open-hole  test. 

B.7.1.2  Spectrum  Analysis 

All  grams  showed  the  burn -through  except  the  microphone  5 
gram.  The  broadband  random  noise  was  so  dense  that  point  of  burn- 
through  was  not  clearly  discernible.  This  microphone  was  farthest  from 
the  burn-through. 

B.7.1.3  Mean  Square  Analysis 

The  low  frequency  cutoff  was  varied  in  the  same  manner  as  for 
the  82%  RPM  burn-through.  The  results  were  similar  to  the  90%  RPM  test 
except  that,  as  noted  in  the  spectrum  analysis,  microphone  5  recordings 
did  not  clearly  depict  the  burn-through. 

B.7.2  Environmental  Conditions 

The  test  was  performed  at  an  ambient  temperature  of  70°  F  and 
37%  relative  humidity.  Microphone  temperatures  were  as  follows: 
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fl  Q 

The  thermocouples  were  inaccurate  below  100  F. 

B.7.3  Sound  Energy  Levels 

The  following  table  lists  the  sound  energy  level  of  micro¬ 
phone  4  before  and  after  burn-through. 


MICROPHONE 

1 

2 

3 

4 

5 

TEMPERATURE  (°  F) 

100 

160 

70  (a) 

100 

60  (a) 
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Table  B-15.  Sound  Energy  Level  Before  and  After  Bum-through 


SOUND  LEVEL 

MICROPHONE  No.  4 

BEFORE 

AFTER 

RMS  (mV) 

47 

235 

RMS  (mBAR) 

380 

1900 

dB  (a) 

_ _ _ _ 

125 

139 

Q  _  A 

Reference  =  2  x  10  uBAR 
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1  Recorded  Bandwidth;  of  Trace  is  Full  Recorded  Bandwidth;  of 

Trace,  5  to  20  kHz.  Upper  Trace,  2  to  20  kHz. 


B .  8 


J-57  ENGINE,  MODIFIED  BURNER  CAN  FAILURE 


This  test  was  similar  to  the  previous  three  burn-through  tests 
except  that  instrumentation  microphone  No.  2  was  replaced  by  a  micro¬ 
phone  of  the  same  type  as  microphones  1,  3,  4,  and  5. 

Analysis  of  the  recordings  made  during  this  test  run  appear  on 
pages  B-137  through  B-144. 

B.8.1  Analysis 

B.8.1.1  Sound  Energy  Levels 

The  meter  readings  prior  to  burn-through  vary  from  the  no  hole 
test,  but  it  is  felt  that  variations  are  due  to  recalibration  of  equip¬ 
ment  prior  to  this  test.  The  meter  readings  after  burn-through  also 
vary  from  previous  1.5-inch  open-hole  tests,  again  probably  due  to 
recalibration. 

B.8.1.2  Spectrum  Analysis 

All  grams  show  the  burn-through  and  are  similar  to  previous 
burn-through  test  grams. 

B.8.1. 3  Mean  Square  Analysis 

All  recordings  show  the  burn-through.  Microphone  S,  the 
farthest  from  the  burn-through,  was  again  not  as  clear  as  the  other 
microphones. 

B.8.2  Environmental  Conditions 

The  test  was  performed  at  an  ambient  temperature  of  75°F  and 
82%  relative  humidity. 

B.8.3  Sound  Energy  Levels 

The  following  tables  list  the  sound  energy  level  of  the  five 
microphones  before  and  after  bum-through. 

Table  B-16.  Sound  Energy  Levels  Before  Burn-through 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

37 

39 

62 

48 

msm 

RMS  (yBAR) 

300 

310 

500 

380 

§1111 

dB  (a) 

123 

124 

127 

126 

126 

Reference  *  2  x  10  ^  yBAR 
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APPENDIX  C 

COMBINED  J-47  and  J-57  ENGINE  TESTS 

C.l  J-47  ENGINE  AT  MAXIMUM  RPM,  J-57  PORT  ENGINE  QUIET 

A  series  of  tests  were  developed  to  determine  the  interference 
from  other  engines  in  close  proximity  to  the  engine  under  test.  Five 
microphones  were  placed  on  the  J-57  port  engine  in  the  same  locations  as 
for  appendix  B  tests.  The  J-47  engine  was  run  up  to  maximum  RPM  and  the 
output  of  the  microphones  recorded. 

Analysis  of  the  recordings  made  during  this  test  run  appear  on 
pages  C-3  through  C-10. 

C.1.1  Analysis 

C.l.  1.1  Sound  Energy  Levels 

The  sound  energy  levels  were  very  low  for  this  test.  Micro¬ 
phones  3  and  5  showed  the  highest  reading,  probably  due  to  their  prox¬ 
imity  to  a  partially  open  hatch  and  an  engine  starter  opening.  Micro¬ 
phones  1,  2,  and  4  were  mounted  in  an  area  which  was  tightly  cowled. 

C.l. 1.2  Spectrum  Analysis 

Grams  produced  from  microphone  3  and  5  data  showed  small 
amounts  of  low  frequency  random  noise  while  grams  produced  from  micro¬ 
phones  1,  2,  and  4  data  showed  very  little  or  none.  This  data  correlates 
with  the  sound  energy  levels. 

C.l. 1.3  Mean  Square  Analysis 

Recordings  produced  from  microphone  3  and  5  data  contain  low 
frequency  spectrum  all  of  which  is  below  5  kHz.  The  other  microphone 
recordings  show  only  small  amounts  of  energy. 

C.l. 2  Environmental  Conditions 

The  test  was  performed  at  an  ambient  temperature  of  75°  F  and 
68%  relative  humidity. 

C.l. 3  Sound  Energy  Levels 

The  following  table  lists  the  sound  energy  levels  of  the  five 
microphones  for  this  test. 
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Table  C-l.  Microphone  Sound  Energy  Levels 


SOUND  LEVEL 


MICROPHONE 


RMS  (mV) 
RMS  (yBAR) 
dB  (a) 


Reference  =  2  x  10  uBAR 
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FREQUENCY  (KHZ) 


Figure  C-4.  Microphone  No.  3  Spectrum  Analysis 
Analysis  Bandwidth  is  0  to  20  kHz. 
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Figure  C-9.  Microphone  No.  3  Mean  Square  Analysis.  Analysis  Bandwidth  of  Lower  Trace  is  Full 

Recorded  Bandwidth;  of  Upper  Trace,  5  to  20  kHz. 
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C-ll.  Microphone  No.  5  Mean  Square  Analysis.  Analysis  Bandwidth  of  Lower  Trace  is  Full 
Recorded  Bandwidth;  of  Upper  Trace,  5  to  20  kHz. 


C.2 


J-57  STARBOARD  ENGINE  AT  MAXIMUM  RPM,  J-57  PORT  ENGINE  QUIET 


A  second  test  to  determine  the  effect  of  external  sound 
sources  was  run  with  the  J-S7  starboard  engine  running  at  maximum  speed 
and  the  J-57  port  engine  quiet.  The  same  test  arrangement  was  utilized 
for  this  test  as  for  the  previous  test. 

Analysis  of  the  recordings  made  during  this  test  run  appear 
on  pages  C-12  through  C-16. 

C.2.1  Analysis 

C.2. 1.1  Sound  Energy  Levels 

The  meter  readings  for  this  test  were  the  lowest  of  all  tests. 
Microphones  3  and  5,  which  had  the  highest  levels  in  previous  tests,  had 
the  highest  levels  in  this  test. 

C.2. 1.2  Spectrum  Analysis 

Microphone  3  and  5  data  analysis  grains  show  low  frequency  lines 
and  some  random  noise.  Microphone  3  has  a  discrete  line  at  1500  Hz  and 
microphone  5  a  line  at  2000  Hz.  All  other  grams  are  blank. 

C.2. 1.3  Mean  Square  Analysis 

Microphone  3  and  5  recordings  show  small  changes  in  amplitude. 
Ail  of  the  spectrum  was  below  5  kHz. 

C.2. 2  Environmental  Conditions 

The  test  was  performed  at  an  ambient  temperature  of  75°  F  and 
68%  relative  humidity. 

C.2. 3  Sound  Energy  Levels 

The  following  table  lists  the  sound  energy  levels  of  the  five 
microphones  for  this  test. 


Table  C-2.  Microphone  Sound  Energy  Levels 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

3 

2 

6 

3 

4 

RMS  (yBAR) 

24 

16 

48 

24 

32 

dB  (a) 

102 

98 

108 

102 

104 

«  -4 

Reference  ■  2  x  10  yBAR 
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C . 3  J-47  ENGINE  AT  MAXIMUM  RPM,  J-57  PORT  ENGINE  BURN-THROUGH 

A  final  test  was  run  with  the  J-47  engine  running  at  maximum 
speed  and  the  modified  burner  can  on  the  J-S7  engine  capped  and  run  to 
maximum  RPM  to  produce  a  burn-through.  All  microphone  locations  and 
burner-can  modifications  were  the  same  as  for  the  burn-through  tests  in 
Appendix  B. 

Analysis  of  the  recordings  made  during  this  test  run  appear  on 
pages  C-19  through  C-26. 

C.3. 1  Analysis 

C.3.1.1  Sound  Energy  Levels 

Readings  taken  prior  to  burn-through  were  higher  on  micro¬ 
phones  3,  4,  and  5.  Data  from  the  previous  interference  tests  indicate 
that  some  of  the  increase  may  be  due  to  the  J-47  engine.  There  was  some 
change  in  microphone  3  and  5  readings  after  burn-through  but  was  insig¬ 
nificant  and,  as  noted  above,  may  be  contributed  to  external  engine 
noise. 


C.3.1.2  Spectrum  Analysis 

The  grams  show  no  change  from  previous  burn-through  tests  on 
this  engine.  (Refer  to  Appendix  B.) 

C.3.1.3  Mean  Square  Analysis 

The  recordings  are  similar  to  those  in  Appendix  B,  which  were 
analyzed  from  similar  data. 

C.3.2  Environmental  Conditions 

The  test  was  performed  at  an  ambient  temperature  of  75°  F  and 
68%  relative  humidity. 

C.3.3  Sound  Energy  Levels 

The  following  tables  list  the  sound  energy  levels  of  the  five 
microphones  before  and  after  burn-through. 
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Table  C-3.  Sound  Energy  Levels  Before  Bum-through 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

44 

49 

61 

56 

SO 

RMS  (uBAR) 

350 

390 

490 

450 

400 

dB  (a) 

125 

126 

128 

127 

126 

o  _  4 

Reference  =  2  x  10  viBAR 


Table  C-4.  Sound  Energy  Levels  After  Bum-through 


SOUND  LEVEL 

MICROPHONE 

1 

2 

3 

4 

5 

RMS  (mV) 

170 

230 

110 

230 

70 

RMS  (uBAR) 

1370 

1820 

880 

1820 

560 

dB  (a) 

137 

139 

133 

139 

129 

o  .  A 

Reference  *  2  x  10  uBAR 
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FREQUENCY  (KHZ)  FREQUENCY  (KHZ) 


Figure  C-27.  Microphone  No.  4  Spectrum  Analysis.  Figure  C-28.  Microphone  No.  S  Spectrum  Analysis. 

Analysis  Bandwidth  is  0  to  20  kHz.  Analysis  Bandwidth  is  0  to  20  kHz. 


BURN-THROUGH 


Recorded  Bandwidth;  of  Upper 


HP00»u-NHn8 


Recorded  Bandwidth;  of  Upper  Trace,  5  to  20  kHz. 


Recorded  Bandwidth;  of  Upper  Trace,  5  to  20  kHz. 


APPENDIX  D 

J-57  STARBOARD  ENGINE  FUEL  LINE  FAILURE 
D.l  J-57  STARBOARD  ENGINE  FUEL  LINE  FAILURE 

The  J-57  starboard  engine  was  modified  by  opening  the  engine 
housing  and  puncturing  the  fuel  line  leading  to  the  modified  burner  can. 
The  housing  opening  was  welded  closed  and  the  test  performed.  The 
engine  was  run  up  to  maximum  RPM  and  fuel  turned  on  to  the  ruptured 
line.  Burn-through  occurred  shortly  thereafter  and  the  engine  was 
immediately  shut  down. 

Analysis  of  this  run  appears  on  pages  D-2  through  D-12. 

D. 1 . 1  Analysis 

D.l.  1.1  Sound  Energy  Levels 

No  readings  were  taken . 

D.l. 1.2  Spectrum  Analysis 

All  grams  were  similar  to  closed-hole  tests.  Discrete  machin¬ 
ery  frequency  lines  were  present  up  to  11.5  kHz  and  some  broadband  ran¬ 
dom  noise  was  present  up  to  20  kHz  prior  to  burn-through.  At  burn- 
through,  intense  broadband  random  noise  was  generated.  The  proximity  of 
the  microphones  to  the  point  of  burn-through  was  directly  related  to  the 
intensity  of  the  random  noise  on  the  grams. 

D.l. 1.3  Mean  Square  Analysis 

The  burn-through  was  more  pronounced  on  all  grams  than  for  any 
previous  burn-through  test.  Low  frequency  components  discussed  in 
appendix  B,  which  are  characteristic  of  this  type  engine,  were  again 
evident.  The  burn-through  spectral  content  was  primarily  above  5  kHz. 
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Figure  D-8.  Microphone  No.  1  Mean  Square  Analysis.  Analysis  Bandwidth  of  Lower  Trace  is  Full 

Recorded  Bandwidth;  of  Upper  Trace,  5  to  20  kHz. 


AD-A  T32  357  JET  ENGINE  BURN-THROUGH  INVESTIGATION  VOLUME  2  ENGINE  4/  (1 
TESTS  RAN  OATAIUI  NAGNAVOX  CO  FORT  WAYNE  IND  FORT  WAYNE  ' 
DIV  R  W  SCHUMACKER  MAR  73  FAA-NA-72-96-2  DOT-FAT2-575 

UNCLASSIFIED  F/O  31/5  NL 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  Of  STANDARDS  -  i»63  “  A. 


Figure  D-9.  Microphone  No.  2  Mean  Square  Analysis,  Analysis  Bandwidth  of  Lower  Trace  is  Full 

Recorded  Bandwidth;  of  Upper  Trace,  5  to  20  kHz. 


Figure  D-10.  Microphone  No.  3  Mean  Square  Analysis.  Analysis  Bandwidth  of  Lower  Trace  is  Full 

Recorded  Bandwidth;  of  Upper  Trace,  5  to  20  kHz. 


Figure  0-11.  Microphone  No.  4  Mean  Square  Analysis.  Analysis  Bandwidth  of  Lower  Trace  is  Full 

Recorded  Bandwidth;  of  Upper  Trace,  5  to  20  kHz. 


Figure  D-12.  Microphone  No.  5  Mean  Square  Analysis.  Analysis  Bandwidth  of  Lower  Trace  is  Full 

Recorded  Bandwidth;  of  Upper  Trace,  5  to  20  kHz. 


APPENDIX  E 

MICROPHONE  CHARACTERISTICS 


E.l  MICROPHONE  CHARACTERISTICS 

Two  types  of  microphones,  with  markedly  different  character¬ 
istics,  were  used  during  the  recording  phase  of  the  program.  The  wide 
rangy  microphone  was  a  condenser  type,  Bruel  and  Kjaer,  Model  4138,  with 
a  type  2619  preamplifier.  The  two  parts,  microphone  and  preamplifier, 
formed  an  integral  unit .  The  general-  purpose  microphones  were  Shure 
Brothers,  model  515SB  dynamic  types  with  direct  coil  outputs. 

£.1.1  Bruel  and  Kjaer  4138  Characteristics: 

(1)  Frequency  response  -  (See  figure  E-l.) 

(2)  Open  circuit  sensitivity  at  1  kHz  (microphone  and  pre¬ 
amp)  -  80.4  yV/u BAR 

(3)  Buffer  amplifier  loss  -  16  dB 

(4)  Overall  sensitivity  -  12.8  yV/yBAR 

(5)  Output  voltages  for  typical  Sound  Pressure  Level  values 

a.  20  yBAR  (100  dB)  *  256  yV 

b.  2.0  mBAR  (140  dB)  =  25.6  mV 

E.l. 2  Shure  515SB  Characteristics: 

(1)  Frequency  response  -  (See  figure  E-2.) 

(2)  Open  circuit  sensitivity  at  1  kHz  -  89  yV/yBAR 

(3)  Output  voltages  for  typical  Sound  Pressure  Level  values 
at  1  kHz 

a.  20  yBAR  (100  dB)  =  1.78  mV 

b.  2.9  mBAR  (140  dB)  =  178  mV 

(4)  Noise  response  -  because  of  the  pronounced  hump  in  the 
microphone  response  at  5  kHz,  the  response  to  noise  of 
uniform  spectral  density  differs  from  that  for  a  sine 
wave  at  1  kHz. 

A  first  approximation  to  the  "white"  noise  response  may 
be  obtained  by  assuming  an  even  distribution  of  noise  in 
a  0-  to  10-kHz  band  with  a  total  received  power  of  1  watt. 
Thus,  each  1-kHz  segment  of  the  spectrum  contributes  100  mW 
to  the  received  power.  The  microphone  output  power  will 
be  different  in  each  1-kHz  band,  however,  because  of  the 
irregular  response. 
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Letting  0  dB  stand  for  unity  power  gain  through  the 
transducer,  the  output  power  for  each  1-kHz  segment 
of  the  1-kHz  band  is  approximately  as  follows: 


E.1.3 


Pressure 

voltage 

is 

Sound 

Pressure 

Level 

Sound 

Pressure 

Level 


BAND  (KHZ) 

OUTPUT  (mW) 

0-1 

80 

1-2 

130 

2-3 

160 

3-4 

180 

4-5 

250 

5-6 

400 

6-7 

400 

7-8 

200 

8-9 

100 

9-10 

60 

0-10 

1960 

The  output  power  in  the  10- kHz  band  would  be  1.96  W 
giving  the  microphone  a  "gain"  of  2.9  dB  in  that 
band.  Thus,  the  response  to  white  noise  in  a  10- 
kHz  band  is  2.9  dB  higher  than  that  to  a  sine  wave 
of  equivalent  amplitude  at  the  1-kHz  reference  fre¬ 
quency.  In  the  10-kHz  band  then,  white  noise  gives 
the  following: 

a.  Open  circuit  sensitivity  -  125  mV/ y BAR 

b.  Typical  outputs; 

1.  20  yBAR  (100  dB)  ■  2.5  mV 

2.  2.0  mBAR  (140  dB)  *  250  mV 

Conversion  of  Output  Voltage  in  mV  to  Sound  Pressure  Level  in 
yBAR  and  dB 

-4 

(Reference  ■  2  x  10  yBAR) 

Using  the  relationships  established  above,  the  input  Sound 
Level  for  a  given  microphone  may  be  inferred  from  its  output 
V  ) .  For  the  B  and  K  microphone,  the  reverse  transfer  function 


2  x  10‘3  V 

(yB)  *  - -j-  =  0.0783  V  *  78.3  x  (Value  of  V  in  mV) 

25.6  x  10"'5  0  0 

V  V 

(dB)  -  20  log  OoBTW  =  100  *  20  l0g  OT 
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For  the  Shure  microphone,  the  reverse  transfer  function  is 
Sound  2  x  10'3  V 

Pressure  (pB)  =  - -  -  0.008  V  ■  8  x  (Value  of  V  in  mV) 

Level  250  x  10'3  0  ° 

Sound  V  V 

Pressure  (dB)  =  20  log  =  100  +  20  log 

Level 

These  equations  are  plotted  in  figures  E-3  and  E-4  for  reference. 
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Figure  E-4.  Mike  Input  SPL  (db)  vs  Output  (mV) 


APPENDIX  F 

RECORDING  AND  ANALYSIS  EQUIPMENT  LIST 
F.l  RECORDING  EQUIPMENT 

(1)  Magnetic  Tape  Recorder 
7  Channel,  1/2"  tape 
Model:  Sangamo  3562 
Serial  No.:  4315 

(2)  Microphone  (4) 

Low  impedance 
Model:  Shure  515SB 
UN I DYNE  B 

(3)  Microphone  (1) 

1/8"  Cartridge,  Type  4138,  B  §  K  Instruments,  Inc. 
Serial  No. :  363842 

(4)  Microphone  Adaptor  (1) 

1/8"  -  1/2",  B  8  K  Instruments,  Inc. 

Type  UA0036 

(5)  Microphone  Preamplifier  (1) 

B  6  K  Instruments,  Inc. 

Type  2619 

(6)  Microphone  Power  Supply 
B  5  K  Instruments,  Inc. 

Type  2801 

(7)  Monitor  Scope,  Five  Channel 
Calico  Monitor  Scopes 
Calico  Instruments  Corp. 

Model:  7211 

Serial  No.:  345 

(8)  Monitor  Scope 

Tektronics  Type  545B 
Serial  No.:  008741 
Type  CA  Plug-in 
Serial  No. :  017251 

(9)  Power  Supply 

Harrison  Labs  Model  No.  800A-2 
Serial  No. :  MU  1883-08 

(10)  Amplifier 

Hewlett  Packard  Type  465A 
Serial  No.:  38289-1 
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(11)  KMS  Meter 

Ballantine  Model  No.  300 
Serial  No.:  18948 

(12)  Voice  Microphone 
Shure  Model  21SS 

(13)  Playback  Audio  Amplifier  and  Speaker 
Magnavox  Co. 

(14)  Buffer  Amplifier 
Special  Design 
Magnavox  Co. 

F.2  SPECTRUM  ANALYSIS  EQUIPMENT 

(1)  Magnetic  Tape  Recorder 

7  Channel,  1/2"  Tape 
Sangamo  Model  3562 
Serial  No. :  4315 

(2)  Spectrum  Analyzer,  Ubiguitous 
Federal  Scientific  Corp 
Model  No.:  UA-7B 

Serial  No.:  35246-5 

(3)  Oscilloscope,  Monitoring 
Tektronix 

Model  No.  801RL 
Serial  No.  007929 

(4)  DC  Amplifier 
California  Instrument  Co. 

Calico  Model  No.:  3300A 
Serial  No.:  110 

(5)  Paper  Recorder 
Reytheon  Co. 

Model  No.:  PER-196B-6 
Serial  No.:  085 

(6)  Playback  Audio  Amplifier  and  Speaker 
Magnavox  Co. 
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F . 3  MEAN  SQUARE  ANALYSIS  EQUIPMENT 

(1)  Magnetic  Tape  Recorder 
7  Channel,  1/2"  Tape 
Sangamo  Model  3562 
Serial  No.:  4315 

(2)  Band  Pass  Filter 
Krohn-Hite  Model  No.  330MR 
Serial  No.  19390 

(3)  True  RMS  VTVM 

Balantine  Laboratories,  Inc. 

Model  No.:  320A 
Serial  No.:  8426 

(4)  R-A-P  Voltmeter 
Balantine  Laboratories,  Inc. 

Model  No. :  321 

Serial  No. :  730 

(5)  Dual  Channel  DC  Amplifier  -  Recorder 
Sanborn  Company 

Model  No.:  320 
Serial  No. :  34064-1 
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